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Tabulations of Propagation Data Over Irregular Terrain in the

230- to 9200- MHz Frequency Range

Part I: Gunbarrel Hill Receiver Site

by

P. L. McQuate, J. M. Harman, and A. P. Barsis

This four-part report contains tabulations and graphs
of transmission loss data resulting from propagation
experiments in the 230- to 9200-MHz range conducted
over irregular terrain in Colorado. Each part of the
report deals with data obtained at a single common
receiver site over a large number of propagation paths
varying in length from 0.5 to 120 km.

1. Introduction

The purpose of this report series is to present transmission loss
data resulting from propagation experiments over irregular terrain in
Colorado with path lengths ranging from 0.5 to 120 km at sevean

frequencies in the 230- to 9200-MHz range.

This measurement program was sponsored by the U, S. Army

Electronics Command and the U, S. Army Security Agency as a part of

a study of propagation characteristics under conditions resembling the

operations of an army in the field.




All measurements were conducted using mobile transmitters
and four fixed receiving sites in order to obtain as many different
propagation paths as possible within practical operational limits.

Since the primary intention was to simulate radio relay operations
between semi-permanent terminals at ''favorable'’ locations, a majority
of the transmitting sites were selected to provide a clear, unobstructed
foreground in the direction of the receiver. The remaining sites were
selected so that the transmitting antennas would be at least partially
obstructed by the surrounding vegetation to represent operations from a
concealed location. This method of site selection produced somewhat
different results regarding transmission loss variations with height
and distance from those observed in a previous measurement program
at 20, 50, and 100 MHz (Johnson et al.,1967 ; Miles and Barsis, 1966).
Each part of the current report series deals with data from one

of the four common receiver sites as follows:
Part I: Gunbarrel Hill (designated R1)

This site is near the summit of a hill in the open plains 15 km
east of the Rocky Mountains foothills north of Boulder. Ten of the 55
transmitter sites associated with this receiver site are located in the

mountains and only one of these results in a line-of-sight path.




Part II: Fritz Peak (designated R 2)

This site is located in the mountains west of Boulder at the
foot of Fritz Peak, which shields the site from the plains - about 20 km
to the east. Only 8 of the 44 transmitter sites associated with this
receiver site are locat=d in the plains.

Part III: Norii. Tuble Mountain (designaicu R 3)

This site iz near Golden, Colorado, on a high mesa at the
juncture between the mountains and plains and is visible to most of its
associated 59 transmitting sites, It was selected to represent propa-
gation from low-flying aircraft to the ground.

Part IV: Longmont (designated R 4)

This site is located in a grove of trees in a broad river vailey
near Longmont, Colorado. Since the receiving antenna can assume
various positions from near the ground to a point well above the top of
the trees, the received signal levels reflect the effects of foliage and
branches to a varying degree., There are 45 transmitter sites associated
with this receiver site.

Part I, in addition to the data, contains descriptions of the
equipment (sec. 2), the method used in making the measurements

) (sec. 3), and the data reduction procedures (sec. 5). Details regarding
measurements of the antenna parameters are given in section 4. The

reduced data presented in section 8 consist primarily of graphs showing
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hastv tranmmvinaion loae ve reveiving antenna height derived (rom the
measnrementa tor savh path, Fertinent information on path profiles
and photogeapha ave included, avatlable meteoncological data ave
tabulated neparately, Forv rsference purposes, ssction 8 alen containe
a Linting of topographie gquadranglen vaed fov sach path prufile,

All meanurementa denceibed in thin report serieas were pertormed
by parsonnsl of the Inatitute of Telecommunication Sciencen

uf the Xnvironmental Science Nevrvives Administration,
40 Meanurement Program and Kquipment

The data preaented in thia part 1 of *he report were obtained
between Mairch 1965 and March 1967 from a central receiver site located
nealr the summit of a hill northeast of Boulder, Colorauc, and hereafter
referred to an Gun Barrel liil, or site Rl, Figure ]l {s a map of the
area showing moat of the measurement locations, which were arranged
in concentric circles around the receiving aite, Obatructiona near the
site liinited the measurements to the wectors 5° to 135° and 205° to 340°
east of true north, Transmitter sites in the 205° to 340° sector and
located more than 10 km from the receiver aite lie in heavily wooded
mauntainous terrain; all the others are in the relatively open and rolling
plains area. Figure 2 is a panoramic view of the sector 5% to 1350;
figures 3 and 4 are panoramic views of the sector 205° to 340°, Al

bearings given are measured clockwise frorn true north,




The tranumitter aites were selected at nominal distances of
0% 3% % 10, 20, %, 80, and 120 km from the receiver location, Seven
of the tranamitting niten were nelected so that the inatallation was
concealed from the propagation path by vegatation, A concealed site may
Le located behind a ningle row of treen, am secn in the photograph of
tranamitter aite R1-20-T)! - Concealed, found on page 145, or ina
cluater ol trevos an seen in the photograph of tranamitter site R1-20-T3 -
Concealed, found on page 158, Each concealed site has a '"'‘companion'
open site, i,e,, a site with a clear, unobstructed foreground in the
direction of the receiver, with the pairs selected so that they are not
more than 100 m apart and have essentially a common terrain profile,

All tranamiasions were continuous wave and frequencies of
230, 910, 751, 910, 1846, 4595, and 9190 MHz were used with

horirzontal polarization only,

-
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FIGURE 2 PANORAMIC VIEW OF SECTOR 5° TO 135°
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FIGURE 3 FOREGROUND VIEW OF SECTOR 205° TO 340°
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FIGURE 4 BACKGROUND VIEW OF SECTOR 205° TO 340°
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2.1 Receiving Equipment

For the receivers, two trailers were used to house equipment
for separate frequency groups., Figures 5 and 6 show the trailer and
associated antenna system used for the three lower frequencies (230,
410, and 751 MHz) and a view of the rack-mounted receiving equipment,
Figures 7, 8, and 9 show the trailer used for the four higher frequencies
(910, 1846, 4595, and 9190 MHz), its associated antennas and portions
of the receivers. Both of these units are shown in position at the
receiver site Rl. Figure 10 is a block diagram of the receiving system
in the ''calibrating'' position,

Descriptive antenna parameters are given in table 1. Note that
the electrical characteristics of the transmitting and receiving antennas

used at eacn frequency were essentially identical.
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FIGURE 5 RECEIVING UNIT LOWER FREQUENCY GROUP
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FIGURE € RECEIVING EQUIPMENT LOWER FREQUENCY GROUP
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FIGURE 7 RECEIVING UNIT UPPER FREQUENCY GROUP
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The revetlving antennan (n each group were mounted alde by nide
on a framework that could be tnatalled on any of the four tower (acen,
and rained or lJowered hetwasn the limite of 1 and 13 m above ground., A
nyntem of weluynan hetween the tower and the tratlsra controlled the chart
driven upon which the height-gain recordings were imade, letting the
upsrator know, at all timens, at what height the antennan were positioned,

Waveguides were uned at 4595 and 9190 MHx; the remaining
frequenciea utilined coaxial cable for both transmitting and receiving
terminale, The recelving system an viewed from the receiver input
exhibited ennentially no change in the voltage ntanding-wave ratio
(VSWR) aa the antennan were moved up and down the tower, For
calibration of the receiving units, cryatal controlled signal generators,
with a stability of one part in 106 » or better, were used, To inaure
a conatant output level throughout the calibration, these units were

monitored with precision power meteras,
4.2 Tranamitting Equipment

The tranamitting equipment was houned in two mobile units.
One unit was used for the three lower frequencieas, the other for the four
higher frequencies, The photographs in figures 1l and 12 show the unitr

at separate transmitting sites, Rigid masts supported the antennas at

17
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FIGURE 12 TRANSMITTING UNIT UPPER FREQUENCY GROUP
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3., Measurement Procedures

Three prerequisites determined the location che_ transmitter
aites: (1) meating the aelected diatances of 0,5, 3, 5, 10, 20, 50, &0,
and 120 km as closely as possible; (2) accessibility to both transmitter
units; and (3) clear and unobutructed foreground, except in the cases of
the pairs of open and concealed sites where accesaibility only dictated
the selection. Areas wore chosen from U, S, Geological Survey
topographic maps for distance and accessibility and sites were then
visited to pin-point exact locations for the tranamitting units,

All antenna orientations were determined from the maps. As
the receiving antennas were varied in height between 1 and 13 m, the
signal was recorded continuously on strip charts. Before these height-
gain recordings were made, a 10-min sample was recorded on each
frequency in order to ascertain the temporal stability of the received
signal. In the case of the lower frequency group, this recording was

made at the 13-m level; for the higher frequency group 7.3 m was used.

In all instances where the time recorded signal varied by more than 2 dB,

additional recordings were made at the 1- and 7.3-m levels for the lower

frequencies and at the tower extremnes for the higher frequencies., Data
for open and concealed sites were obtained within the smallest possible

time interval.

21
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At the beginning and immediately upon completion of data
recording at any site, each receliver was calibrated to insure that all
receiver parameters remained constant throughout the recording time.

If, upon completion of the data analysis for any aite, any of the
data were judgedindoubt, the site was revisited and additional recordings
made, All data for each aite are plotted together by frequency regardless

of the time interval between runs and are presented in section 8

of this report,
4, Antenna Measurementas

In order to obtain free-space gain values and pattern data for the
transmitting and receiving antennas, measurements were made at the
Gunbarrel Hill receiving site (Rl), which is reasonably flat in the vicinity
of the antenna tower, Three test paths were used: the first was 90 m
long over plowed ground, the second 150 m long over a field of wheat
stubble, and the third, also 150 m long, extended over a combination of
plowed ground and wheat stubble. The resulting gain values from these
three paths differed from their average by less than 0.5 dB.

The measurements were made by placing the transmitting
antennas at a fixed height (6.6 or 7.3 m) above ground, and recording

the received signal level continuously while the receiving antennas were

22




raised from 1 to 13 m above ground. From the analysis of maxima and
minima in the height-gain curves obtained in this way, the received
signal power corresponding to free-space loss can easily be obtained,
and the sum of the free-space antenna gain is then determined from
knowledge of the transmitter power, the received signal power, the line
losses, and the free-space basic transmission loss over the test path.
Since the transmitting and the receiving antenna for each frequency were
identical, equal gain values were assumed.

Necessary assumpti ns also were that antenna circuit losses were
negligible, and that the impedance of the antenna does not change with
height above ground. The first of these is well justified for
the type of antennas used in the frequency range above 200 MHz, Inde-
pendent checks did not show any significant variations of the antenna
impedance with antenna height above ground at the Gunbarrel Hill site;
furthermore, only maxima and minima of the height-gain pattern that
were more than 4.6 m above ground were used in the antenna gain
determination. This minimum height represents 3.5 wavelengths even
at the lowest frequency used (230 MHz),

Antenna patterns over a limited azimuth range were obtained with
the receiving antennas 3 m above ground, and the transmitting antennas
6.6 or 7.3 m above ground. The receiving antennas were revolved over

a sufficiently wide azimuth to include the main lobe. Since the antennas

23
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were always oriented along the propagation path during the entire measure-

ment program, the azimuthal patterns are not of primary importance,

5. Presentation of Data

Measurement results from the Gunbarrel Hill receiving site (R1)
only are presented in this part of the report (see sec. 8). Data frocm the
other three receiving sites will be presented in subsequent parts.

The data are arranged and coded by path distance and for each
distance sequentially by azimuth counted clockwise from true north. For
example: Rl1l-20-T4 indicates a 20-km path from common receiver site
R1 to transmitter site T4, which is the fourth site at the 20-km distance

couni+ 4 «."~ckwise from true north. Pairs of open and concealed sites
i

are denoted ’*’v "O and T,

Eﬂéach transmission path, the data are arranged in the

following order:

1. Th+ site designaticr and code accompanying photographs of
.he terrain taken from each of the two terminals in the direction
coward the other; in the case of 'O and C'" sites, the photo-
graphs were taken from both the open and the concealed
transmitter site.

2. A graph of basic transmission loss vs. receiving antenna
height d¢rived from the measurements for all seven frequencies
with the dates of the measurement runs indicated; only data
from open sites are shown. Values of the maximum measurable

loss are also indicated if the received signal level is below

24




the receiver noise level, in addition to the free-space basic 2 ‘
transmission loss values for all frequencies. i
3. The path profile, with site elevation and path length indicated,
drawn (Rice et al., 1966) in each case by using an effective
earth radius based on a surface refractivity value of 290 N-
units. This represents an average for the area where the
measurements were made,
4. The results of the time recording made before each height- 7
gain run, but only for those dates corresponding to the data
shown on the preceding height-gain graphs. The A10%-90%
value is the dB difference between the level cf the received

signal exceeded 90 percent of the time and the level exceeded

10 percent of the time during the time recording period.

5. Field notes describing the terrain and significant obstacles
along the transmission path.

6. Additional graphs (where applicable) of basic transmission
loss vs., antenna height, showing comparisons of height-gain
runs for different dates, or of data for the '""O and C' pairs.

7. In the case of '"O and C' sites, pertinent profile information,
time run data, and descriptive material related to the

concealed site.

The measured data were converted to basic transmission loss

(Rice et al,, 1966) by means of the following approximation:

=P - P + - -
Lb t r Gt+Gr Lt Lr'
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where
* I3 v . .
Lb = basic transmission loss in dB
Pt = transmitter power in dBW
* » . .
Pr = received signal power in dBW
Gt = free-space gain of the transmitting antenna in dB
relative to an isotropic radiator
Gr = free-space gain of the receiving antenna in dB
relative to an isotropic radiator ‘
Lt = line losses in dB between transmitter and trans-
mitting antenna
Lr = line losses in dB between receiving antenna and

receiver input

! Indicators for the transmifer power output were calibrated

against laboratory standards. The received power level was determined

Js—

by comparison with signal generators using the substitution method, and
is essentially the power into a 50«1 recziver input impedance. The
received signal power was assumed equal to the power available from
an equivalent loss-free antenna.

The conversion formula assumes that free-space gain values for
the antennas are realized, that there are no losses in the antenna circuits,

and that the antenna impedance values are constant at all measurement

* When the received signal level is below the receiver noise level, P
: is the receiver minimum detectable signal and 1, will be the maximum
‘ measurable loss in dB. See pages 271, 274, 283, 286, and 289.
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locations. As already noted, no significant change in antenna impedance
was observed at the Gunbarrel Hill receiving site when the antennas were
raised from 1l to 13 m above ground. Some changes in the transmitting
antenna impedance may have occurred, however, when the antennas were
moved from an open to a concealed site, because the transmitter
operators noted small changes in the vol age standing-wave ratio (VSWR)
measured along the transmission line near the transmitting output
terminal; being minor, these changes were not logged. The basic
transmission loss values shown in section 8 may therefore containa
small variable component due to changes in the antenna impedance

that cannot now be separated from the total path effects. It is not likely
that this component ever exceeded 2 dB, since for a more substantial
mismatch the operation of the transmitters would have been materially
affected. As a result, it appears justified to neglect antenna impedance
changes and associated effects of mismatch in the derivation of basic
transmission loss values from the measurements. Also, any errors
introduced would be of approximately the same magnitude as the
unavoidable calibration errors of the system.

Section 8 of this part of the report also contains a comprehensive
listing of meteorological parameters obtained during the measurement
period, and of the topographic maps used to obtain path profiles; latitude
and longitude for the terminals of each path and coordinates of the path

intersections with the edges of the map use are included.
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RCVR. ELEV, R1-0,5-T1 XMTR. ELEYV,

1589 M PATH LENGTH 0. 54 km 1570 M
-1590
—156C M

I l I I ! I

0 A .2 3 4 .5

KILOMCTERS

Lb (dB) SHORT TERM SIGNAL VARIABILITY

Freq (MHz) 230 410 751 910 1846 4595 9190
6-2-65atl13 M 4-18-66 at 7.3 M
50% 68.1 74.3 78.3 83,2 98.6 100. 4 109.5
410%-90% <3 <3 <3 <3 <3 <3 <3

This site is approximately 1500 ft east of the receiver. In the

foreground are alternating strips of plowed ground and wheat stubble. The

oy;iy obstruction is a low fence about 800 ft away.
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RCVR, ELEV, R1-0.5-T2 XMTR. ELEV,
' 1589 M PATH LENGTH 0, 54 km 1590M
=TS ToUM—

1 -
i
g - «
| !
{ 4
E
E ¥ - ' 5 50M
; i | i ! ! |
: 0 0.1 0.2 0.3 0.4 0.5

KILOMETERS

Lb {dB) SHORT TERM SIGNAL VARIABILITY

Freq (MHz) 230 410 751 910 1846 4595 2190
3-31-65atl3 M 2-10-66 at 13 M
50% 71.2 73.5 74.4 95.5 95,7 96.3 98,3
410%-90% <3 <3 <3 <3 <3 <3 <3

2-10-66 at 6 M

A . N

50% 80,8 94.9 101. 0 101.8

A10%-~90% <3 <3 <3 <3 e

2-10-66 at 1 M

410%-90% <3 <3 <3 <3

Thia site i. about 1600 ft west of the receiver., The terrain in the
foregrcund alternates between plowed ground and wheat stubble, There

are no obstructions on the path.
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RCVR. ELEV. R1-3-T1 XMTR, ELEV.
1589 M PATH LENGTH 2.981 km 1546 M
. |
’ ~1570M
- 15301
I I [ i I
0 0.5 1.0 2.0 2.5

{.5
KILOMETERS

Lb (dB) SHORT TERM SIGNAL VARIABILITY

Freq {MHz) 230 410 751 910 1846 4595 9190
4-1-65 at13 M 2-25-66at7.3 M
50% 116. 6 121.1 131.0 137.7 147.6 163, 2 160, 6
A10%-90% <3 <3 <3 <3 <3 <3 <3

This path extends over approximately 650 fi of wheat stubble to
a strip of plowed ground 200 ft wide beyond which a moderately traveled
highway, with power lines on its far side, runs at 70° to the path, The

ground then slopes gently upward toward +-2 horizon and a small group

of homes located approximately 1 mi away.
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L.h (A1) SHORT TERM SIGNAL VARIABILITY
Freq (MHy) J30 410 Thi Jin 1840 4 A& QI
L-2H-05 at 13 M 4-25%-bh at T, M
S0% d8,3 9. % Y2 R 98, 4 113,22 114, 2 i17.8
A% -90% <3 o ~ 4 <3 < < 3 3

This path extends over 1 v of plowed ground to a thin hine of

trees, 40 (t high, yrowing perpendicular to the path, From there to

the receiver site, which is in line of sight, the terrain of grass-

covered fields slopes gently upward,
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RCVR

. ELEV, R1-3-T3 XMTR. ELEV,

1589 M PATH LENGTH 3.22 km 1539

—i580M

M

bounded by a 3-ft wire fence in the immediate foreground. From 100 ft

away to a moderately traveled highway, 1 mi distant, stretches a plowed

field.

of the path, approximately 3/4 of a mile away, is a grove of 40-ft high

cottonwood trees.

- 1520M
0 o.'s |.'o l.'5 2.'0 2!5 3.'0
KTLOMFETFRS
L, (dB) SHORT TERM SIGNAL VARIABILITY
Freq (MHz) 230 410 751 910 1846 4595
7-13-65 at 13 M 4-25-66 at 13 M
50% 86.3 91.9 97.7 103.6 15.6  Lz2.1
810%-90% <3 <3 <3 <3 <3 <3
4-25-66at 7.3 M
50% 103, 6 103.4  110,0
A10%-90% <3 <3 <3
4-25-66atl, 0 M
50% 105, 2 108.2 110.0
A10%-90% <3 <3 <3

This path extends over the corner of a grass-covered field

Power and telephone lines are parallel to the highway. Just

which is in line of sight.
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The ground slopes evenly upward to the receiver site,
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RCVR, ELEV, R1-3-T4 XMTR. ELEV,
1589 M PATH LENGTH 3,48 km 1550 M

—i530M

.

| | ] | ! |
0 0.5 1O .5 2.0 2.5 3.0
KILOMETERS

Lb (dB) SHORT TERM SIGNAL VARIABILITY

Freq (MHz) 230 410 751 910 1844 4595 2190
1-17-67 at 13 M 2-1-67 at 7.3 M
50% 95.4 97.8 100.7 107.5 li4. ¢ 121. 0 128.4
810%-90% <3 <3 <3 <3 <3 <3 <3

The path extends across 300 yd of wheat stubble toc a high-voltage
power line running perpendicular to the path. The next 1/2 mi is plowed
ground leading to a moderately traveled highway along which power and
telephone lines run parallel. Scattered cottonwood trees, 4C-ft tall, rise -
on the path approximately 2 mi away. Alternate strips of plowed ground
znd field grass lie perpendicular to the path from the highway to the *

receiver site, which is in line of sight.
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He's

g

T

RCVR. ELEV.

R1-3-T5
1589 M

PAaTH LENGTH 5.01 km

XMTR. ELEV.

1638 M
- §i630.49 /
~1570M
| | | | | | !
0 0.5 1.0 1.5 2.0 25 30
w Tl OMETER™
Lb (dB) SHORT TERM SIGNAIL VARIABILITY
Freq (MHz) 230 410 751 910 1846 4595 9190
11-1-66 at 6.6 M 3-15-67at 7.3 M
50% 105.0 95,7 97.3 99.0 113.1 122.1 116. 8
A10%-90% <3 <3 <3 <3 <3 <3 <3

Power lines run approximately 4 ft above and 25 ft in front of the

antennas.

upward to a small knoll, continuing downward to the receiver site.

The terrain slopes steeply downward for about 1500 ft, then

The

entire path is over alternating strips of wheat stubble and plowed ground.

Approximately 1-1/2 mi away is a dirt road with telephone lines

paralleling it and crossing the path at 80°.
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RCVR, BLREYV, Ri-n1 XM'TR, B KV,
LY CRY] PATH LENGTIUN 22 W n M
(R EAN
N
—18520M
| \ | | | |
0 | P 3 4 %
KTLOMFTERDS
L.b (dB) SHORT TERM SIGNAL VARIABILITY
Freq (MHs) 230 410 781 910 1846 4595 Q190
6-2-6%atli M 4-21-66at 7.3 M
50% 95, 4 103.6 109.1 106.5 116.9 123. 6 127.6
A10%-90% <3 <3} <3} <3 <3 <3} <3

The path extends across plowed ground to the horizon about |

mi away. About 700 ft from the transmitter, running at 70° to the

path, is a single phase power line,

There are no other obstructions.
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RCVR, ELFYV, R1-5-T2 XMTR, ELEV,
1589 M PATH LENGTH 3,94 km 1541 M

\\—

15301

|
e e TG i mkﬁ%% ; G i o, o

-1530M
! .
0 | 2 3
KTI.AMFTFR®A

Lb (dB) SHORT TERM SIGNAL VARIABILITY

Freq (MHz) 230 40 751 910 1846 4595 9190
12-14-66 at 13 M 1-27-67 at 7.3 M Z
50% 104,1  101,7 103.8 100.9 107.8  19.1 123.5
£10%-90% <3 <3 <3 <3 <3 <3 <3

Plowed fields extend for about 1 mi from the transmitter. Ata
. distance of 150 yd, a 3-ft wire fence crosses the path at 80°. Scattered

trees about 1/4 mi away are the only obstruction.
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: The transmitter site lies 143 ft west of its concealed -

companion site. The terrain is oven grass land. There are no

obstructions except a fence, about 200 ft away, which runs perpendicular .

to the path. About 1/2 mi away, scattered cottonwood trees lie to both

the left and right of the path.
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PP

RCVR, ELEV, R1-5-T3 CONCEALED XMTR, ELEV,

1589 M PATH LENGTH 5.98 km

158011

1518 M

- 1500M

|
4 5

{
3
24 ] r\'l_.i.l:'TI‘:D‘,

Lb (dB) SHORT TERM SIGNAL VARIABILITY

Freq (MHz) 230 410 751 910 1846 4595

6-30-66 atl13 M 4-28-66 at 7.3 M

50% 107.0 109.1 108.8 115.4 123.6 125.6
A10%-90% <3 <3 <3 <3 <3 <3

9190

135.6

<3

The antennas at this site were concealed 40 ft behind a grove

of cottonwood trees. The trees are about 30 ft tall and extend for about

45 ft toward the receiver site., Beyond the trees are 1-1/2 mi of

pasture, before the ground rises abruptly to the horizon.
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RCVR. ELEV. R1-5-T4 XMTR. ELEV.
1589 M PATH LENGTH 5. 20 km 1597 M

P il e

- 1590M

| !
: 4

2 >
KILOME TERD

Lb (dB) SFORT TERM SIGNAL VARIABILITY
1846 4595 9190

Freq (MHz) 230 410 7 51 910
1-19-67 at 13 M 2-27-67 at 7.3 M
50% 130.4 141.8 157.9 152.8 170, 3 172. 6 189.2
<3 <3 <3 <3 <3 <3 <3

410%-90%

The path extends across plowed fields alternating with strips of

field grass, A 5-wire, high-tension power line crosses the path 150 yds

away perpendicular to it,
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RCVR. ELEV, R1-5-TSH XMTR, MILKEV,
1589 M PATH LENGTH 5,02 km "% M

"
i o’ /———\ - 15900

B i - L T

e TR

- 1530M
| | | | | |

2 3
¥ TIDOMETERR
Lb (dB) SHORT TERM SIGNAL VARIABILITY

Freq (MHz) 230 410 751 910 1846 4595 9190
4-2-65at 13 4
50% 109. 6 113.4 115.8
416%-90% <3 <3 <3

The imrnediate foreyround at this site is a dirt road running

perpendicular to the path. Just beyond 18 a farm complex. The path

crosses a 50-yd wide barnyard, surrounded by a low, wooden rail fence

and containing wooden feeding troughs. Beyond is a small shed with a

tin roof, about 75 yd away, and plowed fieids and areas of field grass,

! which extend to the horizon about 2 mi away.

R RS

36

R D AT R,

W S
st




Rlan. YA
NIWOT Wi

PATH VIEW FROM RECEIVER

PATH VIEW FROM TRANSMITTER

81

o iTeodia cdbae TRGAL m.‘uwmm”mm




Bosic Transmission Loss in Decibeis (L)

1)

100

ne

120

130

40

150

110

180
0

Niwot WI

§ESSR5S0SBERNRREESETANNRNARNRRRAN] T
.}:»4 MH! 1 - ‘, g N ‘ . . “. '.x: b
] = e 230 RERSARARR! N ' ;
] cmwmw 410 I—"..;Q..gg T 1. T | Tl [ Anled 4 fn.
] — 78] T+ Tt
4 . A
[J1] = 90O — : r - :
1) 1846 b~ 2~285~88 o IR e
v se s v ‘595 o ' ‘- 4t 1
] +
e B 15 N B ayP -y e : !
e - T AT T F T
S9N 44 Rpaanees i " A,r‘;ﬂ tht 1441 4
-1 - - 4 ¥ + - ' 8. ‘»Ld - HPF M N -y«}r .
.‘..‘t 1341 -LLP¥] 1 11 N
NEwe R v - w8 "a 4 44 N
L 444 144 - 1 434 b b 44
=g -4t 3 4 -4 44 .
+-r . H+ + —+ 11 1 -3 4 ¢ - 4
-4 - 44~ 4 -
H-1- 444+ 4 4+ 4444 e L -
-+ . +4- 4 «» - T - Lol V4 dat 1
TITE adide Y ' E
11 1- I T - ] NRENEES ® »
- et -4 -, -4 (8] -1
= - I T t4 ¢4 17 -41 g " ><-1
(7000 o8
- —+ 44 4 —f -4+ SR o 4
4.} JERNNSE N -
14 »-‘ -Lw - - «-1 L 4 g § L»—
t -1 +
rt i
B A TR T
-~ f 0
g -+ 124 4 4 441
R ] T LT - 1“-’-: ‘++4+t+ 1 b L L 13
4 3+ 4- +4-pd -+
alala 11 o T 1]
ngw Pl 4
g 11 b
4 1
<444 tt i -} 4+
4=
X
1 I 13
1. M L aREN
t
H1111
H-
} —
I i

8 9 100 12 13 1 1

Antenna Height Above Grounds in Meters

88
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RCVR. ELEV, R]-5-TSA XMTR, ELEV,
1589 M PATH LENCGTH 5.04 kaa 1558 M

P/---\/—/ ~ 15904

- 1530M
] | | | | |
° | ?‘K ILOMETER 2 4 °
Lb (dB) SHORT TERM SIGNAL VARIABILITY
Freq (MHz) 230 410 751 910 1846 4595 9190
11-30-66 at 6.6 M 2-25-66at 7.3 M
50% 115.0 118.1 128.5 132.0 141.9 152, 2 161.9
£10%-90% <3 <3 <3 <3 <3 <3 <3

There is a 3-ft high barbed-wire fence perpendicular to the
path about 25 ft from the transmitter van. Beyond the fence
are 100 yd of plowed fields and a farmyard containing some tin-roofed
sheds; a concrete silo lies to the immediate right of the path, The path
is directly over a large cottonwood tree, 40-ft high, which obscures
the horizon. The rest of the terrain is rolling, grass-covered hills,

The horizon is 2 mi away.

89

et bk b S MR CXa s xR e

|

§ T S e S R AR




R1-5-T6
NIWOT NI

T

PATH VIEW FROM RECEIVER

PATH VIEW FROM TRANSMITTER

90




NIWOY NI

1 — : - - -
g - i 3
r~ 1 = " - : 1
: = .
“. T +~t +
g 1 S5 ou ooy SGareae et pus T
2. - e X SRS DRGSO SRNRE 04 it
s N SRS SRS Sl j IR S s D S i
“L DD S 1 b B [T
® P — . ;
- ] B DNEDES b — - -
RS Rpes .
—_— 1 e
E T

2 APRIL 1968

P ye——

RI-8-T6

b -]

b -

(91) 513q!33Q v $30] ucIESIWSUD)) N1SDQ

150

Antenng Height Above Ground in Meters
91




RCVR. ELEV, R1-5-T6 XMTR, FLEV,
1589 M PATH LENGTH 4,60 km 1545 M

I89JM

P‘"‘\/\’

= 1530
| i I
3

2
KILOMETERS

Lb (dB) SHORT TERM SIGNAIJ, VARIABILITY

Freq (MHz) 230 410 751 910 1846 4595 9190
4-2-65atl3 M

50% 106.8 106.9 107.9

410%-90% <3 <3 <3

The path extends across 1/4 mi of hay field; with a 15-ft hay-

. -

stack 150 yd from the transmitter. A 3-ft high, barbed-wire fence runs
perpendicular to the path at about 150 ft. The path terrain slopes gently .

upwards to the horizon, which is abeut 2 mi away.
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RCVR., ELEV, R1-5-T6A XMTR. ELEV,
1589 M FATH LENGTH 4. 64 km 1546 M
- 15904

I530M

0] | 2 3 4
KILOMECTERG

Lb (dB) SHORT TERM SIGNAL VARIABILITY

Freq. (MHz) 230 410 751 910 1846 4595 9190
11-30-66 at 6.6 M 2-27-67 at 7.3 M
50% 111.5 114.8 118.6 118.4 130.7 132.1 141.1
210%-90% <3 <3 <3 <3 <3 <3 <3

The path extends across 30 yd of wheat field to a dirt road
running at 50° to the path. On the far side of the road is a 3-ft, barbed-
wire fence surrounding a 75-yd wide field of grass. From there to
the horizon, 1-1/2 mi away, the path crosses rolling plains with

scattered trees and homes,
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RCVR, KELEV, R1-10-T1 XMTR. ELEV, ¥
1549 M PATH LENGTH 9.98 km 1494 M !

- 1580MN .

\,—-—‘" -

- 1400M
| | | | |
0 ? 4 6 a

KILOMLTERS

l’b (dB) SHORT TERM SIGNAL VARIABILITY

Freq (MHv) 230 410 751 910 1846 4595 9190
1-18-67 at 13 M 1-27-67 at 7.3 M
30% 108, 6 12,2 13,1 12,86 128.0 133.0 136. 4
ALO%-90% ~3 <3 ~3 <3 <3 <3 <3

About 75 yd from the transmitter site, railroad tracks cross

the path at 90°, Tho terrain is plowed ground to a distance of 3/4 mi

from the transmitter, with pasture land continuing uphill to the horizon,

which is 4-1/2 mi away,
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RCVR. ELEV. R1-10-T2 XMTR. ELEV.
1589 M PATH LENGTH 9.94 km 1594 M

~ 16304

- 15560M

i !
0 2 4 ] 8

KILOMETERS
Lb (dB) SHORT TERM SIGNAL VARIABILITY
Freq (MHz) 230 410 751 910 1846 4595 9190
4-6-65atl3 M
50% 120.9 126.8 138.8

A10%-90% <3 <3 <3

The path crosses 25 ft of roadway and a 3-ft, barbed-wire fence.

The path crosses a lake approximately 1/2 mi away from the transmitter van.

Scattered cottonwood trees gro'v on the far side of the lake., The rest

of the terrain to the horizon, which is 5 mi away, is grassland,
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! RCVR, KLV, RI 10 1'2A NMEPR, Py,
1589 M PATTH LENGTH 9,8 ko 1han N

P OM

FabaM
[ | I |

9 N
KILOMETEF O

Lb (dB) SHORT TERM SIGNAL VARIABILITY

5

Freq (MHz) 230 410 751 910 1846 459§ 2190
6-21-66 at 13 M 3-4-06 at 7.3 M
50%  124.0  127.3 134,40 51,1 159,.2 1709 173,
810%-9G% <3 <3 <3 <3 <3 <3 ~ 3

Crossing a 3-{t wire fence, 20 ft away from the transmitter
site the path traverses a flat, gravel surface, and a winding asphalt
road. One-half mile away, a power line crosses the path at about j()o.
The path then traverses a large lake for 2 mi, and extends across a

grass-covered, upward slope to the horizon, which is about 5 mi away,
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1 RCVR. ELEV, R1-10-T3 XMTR. ELEV,
1589 M PATH LENGTH 9. 66 km 1568 M
; A | 580M

Y -

) N

% . \

i -

)

-

¢

I

? —1500M

y | [ [ | |

\ 0 2 4 6 8

\{“ KTLOMFTF 18

7

7 Lb (dB) SHORT TERM SIGNAL VARIABILITY

3

N Freq (MHz) 230 410 751 910 1846 4595 9190
: 12-8-66 at 6.6 M 5-11-66 at 7.3 M

,3 50% 101. 2 96.6 124.7 105.2 117.8 125.7 136.3
! 610% - 90% <3 <3 <3 <3 <3 <3 <3

i This linc -of-sight path extends for 150 ft across a dirt road to a
4

! 3-ft barbed-wire fence at the near edge of a plowed field, Beyond 250 ft
;;i Iy

trees.

s R e A S R B v a0k et SRR S Y NN GBI A B 22

of plowed ground and grassy fields

are railroad t

" The rest of the terrain consists of open fields with ¢cattered cottonwood

11&

racks 1 mi away.
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ROVR, ELEV, R1-10-T4 XMTR, HIEV,
1989 M PATH LENGTH 10,08 kim 1615 M

- 16 OM

- 1%540M
t | { |

0 2 4 6 8 10

FILDOMETERS

l'b (dB) SHORT TERM SIGNAL VARIABILITY

Freq(MHz) 230 410 151 910 1946 4595 9190
B-12-65at 13 M J-4-66 at 7.3 M
50% 1.1 113.9 126.4 13uv.8 144, 8 155, 0 160.1
A10%-90% <3 <3 <3 <3 ~3 <3 R

The foreground at this site consists of down-sloping grass-
covered fields, Railroad trackas and high-voltage power lines cross the
path approximately 300 yd away, but are far below it, Beyond the

tracks, to the horizon 3-1/2 mi away, the ground cover is grass,
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RUOVR, FLEV, RI-10-T5 XMTR., ELEV,
1Hh89 M PATH LYENGTH 7,03 km 1573 M

‘ =l 610M

Ny

-1 530

|
o 2 4 6
KI{OMETERS

Lb (dB) SHORT TERM SIGNAL VARIABILITY

Freq (MHz) 230 410 751 910 1846 4595 9190
6-20-66 at 13 M 3-25-66 at 7.3 M
50% 109.9  109.,7  11.3 122.3 132.7  142.4  149.6
A10%-90% <3 <3 <3 <3 <3 <3 <3

The path extends across rolling, grass-covered terrain. Farm

houses and scattered trees appear about 2 mi away and continue to the

SN

*
t

horizon, which is 3 mi from the transmitter. In the immediate fore-

orat

ground, a power lirs and a supporting cable rise 20 ft to the left of the

[
- o ez

path.
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RCVR. ELEV. R1-10-T6 OPEN XMTR. ELEV.

1589 M PATH LENGTH 9.92 km 1621 M

1620i4

- 1540M
I I 1 | |
0 2 4 6 8
v ILOMETERES
Lb (dB) SHORT TERM SJGNAL VARIABILITY
I'req (MHz) 230 410 751 910 1846 4595 9190
6-17-66 at 13 M 3-24-66at7.3 M
50% 115.9 117.2 126.0 131.6 137.7 152.7 156.7

410%-90% <3 <3 <3 <3 <3 <3 <3

Open pastures extend for 1-1/4 mi to a cone-shaped hill, 250 ft
high, at the horizon, There are no other obstructions. A grove of

cottonwood trees lies immediately to the left of the path,

133.
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RCVR. ELEV, R1-10-T6 CONCEALED XMTR., ELEV.
1589 M PATH LENGTH 9.90 km 1620 M

162 0M

N\

§

- 1540M

Q-
AN

! |
4 6 8
KTILOMFTFRA

2 bt S s Firsrne e,

Lb(dB) SHORT TERM SIGNAL VARIABILITY

R

Freq (MHz) 230 410 751 910 1246 4595 9190
6-17-66 at 13 M 3-24-66at 7.3 M ;‘é

50% 124.6 145.8 144.8 129.8 137.7 152.7 156.7
410%-90% <3 <3 <3 <3 <3 <3 <3 g

g

:
5
¢

The antennas are concealed behind a stand of cottonwood

trees. The path lies through trees 200 ft deep and 40 ft high.

Pasture land extends from the trecs to a large knoll 1-1/4 mi

distant at the horizon.
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S

RCVR. ELEV, R1-10-T7
1586 M PATH LENGTH 9.52 km

"‘|63 DM

‘é,u«fawm.ﬁ%%%%ﬁ h

~—1530M

|
6

KILOMFTERS

Lb(dB', SHORT TERM SIGNAL VARIABILITY

Freq (MHz) 230 410 751 910 1846 4595 9190
8-11-65at 13 M 3-7-66 at 7.3 M

50% 106.1 100.9 113.6 107.9 121.9 135.5 138.6

410%-90% <3 <3 <3 <3 <3 <3 <3

The immediate foreground of pastures is below the ray
path and extends to a thin line of cottonwood trees 100 yd away,
The trees are about 50 ft tall. Beyond are another 100 yd of grass-
land and a second thin line of cottonwoods. The rest of the path

is over rolling, hilly country.
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PATH VIEW FROM CONCEALED SITE
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RCVR, KLEV, Rl 20 T1 OPEN XMTR. FLEV,
1589 M ATH LENGTI 27,78 ki 1554 M
Ih 7 AM
_//
/ ‘\
" ~ 1A90M ———
| | | | | | |
0 4 8 1Q 16 20 24
KILOML TFRA
L, (dB) SHORT TERM SIGNAL VARIABILITY
Freq (MHz) 230 410 761 910 1846 4595 9190
7-11-66 at 13 M 2-8-67at7.3 M
50% 108.1  1l3.4  127.3 137.0 141. 3 144.8  152.6
A10%-90% <3 <3 <3 <3 <3 <3 <3

The immediate foreground at this site is plowed farmland,
extending for 1/4 mi to a 1/3-mi wide lake. Beyond, to the

horizon, 7-1/2 mi away, the path is over pasture land with

scattered trees.
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RCVR. ELEV, R1-20-71 CONCEALED XMTR. ELEV,
1589 M PATH LENGTH 27.68 km 1552 M

. wégy‘«a%
it

| —ilasom T {

| I | i ] | |
0 4 8 12 16 20 24
KILOMETERS

Lb (dB) SHORT TERM SIGNALU VARIABILITY

Freq (MHz) 230 410 751 910 1846 4595 9190 .
7-11-66 at 13 M 5-19-67 at 13 M
50% 18.2 123.4 140.7 143.2 161.9 174.9 175.7
410%-90% <3 <3 <3 <3 3.0 7.0 6.4
7-11-66 at 7.3 M 5-19-67 at 7.3 M
50% 136.7 150.2  162.5 175.3 180.3
810%-90% <3 <3 3.9 6.3 8.0
7-11-66 at 1 M 5-19-67 at 1 M
140.7 150.2  162.9 177.6 182.3
<3 <3 <3 6. 4 7.1

For concealment, the antennas are placed 20 ft behind a
150-ft deep thicket of cottonwood trees, 40-ft high. Beyond the
trees, the path is cver 1/4 mi of grassland and a small lake, 1/3 mi
wide. From there to the horizon, 7-1/2 mi away, the ground cover

is pasture with scattered trees.
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RCVR. ELEV, R1-20-T2 XMTR. ELEV, %
1589 M PATH LENGTH 20.00 km 1539 M i

- 15804

= — I1500M o ————

i i | ! | !
0 4 8 12 16 20
KILOMETERS

I..b (dB) SHORT TERM SIGNAL VARIABILITY
Freq (MHz) 230 410 751 910 1846 4595 9190

2-23-67 atl3 M

50% © 144.3 165.8  177.5 177.5
A10%- 90% <3 <3 <3 4.7
; 2-23-67at7.3 M

50% 156.3 167.8 176.0 182.5

510%-90% <3 <3 <3 <3
2-23-67at1 M

50% 152.5 165.2 179.2  174.3 .

410%-90% <3 <3 <3 <3

The path extends over stubble wheat to the horizon, 1-1/2 mi

distant. To the left of the path, and approximately parallel to it, are rail- ﬁ

road tracks which curve away at the horizon. A narrow irrigation ditch

enters the path, bends sharply, and leaves it 150 yd from the transmitter.
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RCVR. ELEV, R1-20-T3 OPEN AMTR. ELEV
1589 M PATH LENGTH 21.39 km 1529 M

| - 1430M —_—
| | l | | |

0 4 8 12 16 20
KTLOMFTFR®

L..b(dB) SHORT TERM SIGNAL VARIABILITY

Freq (MHz) 230 410 751 910 1846 4595 2190
7-1-66 at 13 M 5-17-66 at 13 M
50% 118.5 121. 2 125,9 125.3 138.5 140.0 142.7
£10%-90% <3 <3 <3 <3 <3 <3 <3

5-17-66 at 7.3M

50% 128.0 139.4 140.9 143. 4
A 10%-90% <3 <3 <3 <3
5-17-66 at | M
50% 128.5 140.2 140.0 146.9
510%-90% <3 <3 <3 <3

The path is over 150 ft of grass to a strip of plowed ground,
with a low wire fence crossing the path 100 yd away at 450. A 5-wire
telephone line parallels the fence at 500 yd. Grassland extends to the

horizon, 4 mi away, where there are scattered trees and houses.
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RCVR. ELEV,

R1-20-T3 CONCEALED

XMTR, ELEV,

1589 M PATH LENGTH 21,52 km 1530 M
p— — 1430M ——
I | | I I !
o] 4 8 2 16 20
KTIOMETFRA
Lb(dB) SHORT TERM SIGNAL VARIABILITY
Freq (MHz) 230 410 751 910 1846 4595 9190
7-1-66 at 13 M 5-17-66 at 13 M
50% 131.3 134.5 136,2 137.5 158.4 179.0 186.3
810%-90% <3 <3 <3 <3 5.5 10. 5 10,3
5-17-66 at 7.3 M
50% 142.7 160.2 177.5 188.0
A 10%-90% <3 -5.0 0900 909
5-17-66 at 1 M
50% 142.7 158,.8 176.5 188.8
4 10%-90% <3 4.6 5.6 9.2
The antennas are concealed 10 ft behind a 100-yd deep line of
cottonwood trees, The trees are 45-ft high and very dense. Beyond the

trees the terrain is rolling pasture to the horizon, which is 4 mi away.

165

P T IO Y

L R o R ot MR

N »




R1-20-T4 OPEN AND CONCEALED
MEAD NWI1

PATH VIEW FROM OPEN SITE

PATH VIEW FROM CONCEALED SITE
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RCVR. ELEV, R1 &0-T4 XMTR, FLKEV,
1589 M PATH LENGTH 20,74 km 1% M

= |ID70M

P 1S B Mg A 96

e ot

ILOMETERS

Lb (dB) SHORT TERM SIGNAL VARIABILITY

Freq (MHz) 230 410 751 910 18406 4595 10
7-11-66 at 13 M 5-17-606 at 14 M
50%  124.1 129.7 182.0 156, 1
A10%-90% <3 <3 2 <3 R}
50% 5-17-66 at 7,3 M
50% 1583,9 1588 le2. v

£10%-90% ' < 4 < 3 ~ 4
5-17-bb at 1 M
50% 141, 7 150, 2 185,13 160, 1

810%-90% <3 < 3 <3 <3

The path is over open farmland and the horizon i1s 2-1/2 mi  way.

There are no obstructions.
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RCVR. KLEV, Rl 201 CONCEALRD XMTR, K1LEV.
1589 M PATH LENGTH 19, 18 Ko 1850 M
N WA

1490M o

| I |
0 4 8 e )
KITLOMLTER .

—

Lb(dB) SHORT TERM SIGNAL VARIABILITY

Freq (MHz) 230 410 751 910 1846 4595 9190
7-11-66 at 13 M 5-17-66atl3 M

50% 132,1 133,13 139, 6 1551 168, 7 180.7

410%-90% <3 <3 <3 <} <3 7.6

5-17-66at7.3 M

50% 140, 6 158.7 166, 4 182.7

410%-90% <3 <3 <3 6.7
5-17-66 atl M

50% 144.9 1546 166.2 184, =

A10%-90% <3 <3 <3 9.8

The antennas at this site are concealed 30 ft behind a thicket of
50-ft high cottonwood trees, extending for 50 ft. Be yond, the path is over

OPen pastures to the horizon, 2-1/2 ml away.
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XMTR. ELEV.

RCVR. ELEV, R1-20-T5
1589 M PATH LENGTH 19. 70 km 1509 M
- 1570M
- 14854
| I I [ I
0] 4 8 2 16

KTLOMETFRS

Lb(dB) SHORT TERM SIGNAL VARIABILITY

Freq (MHz) 230 410

12-8-66 at6.6 M

50% 124, 2 12¢

£10%-9C% <3 <3

50%
210%-90%

50%
510%-90%

o

751

141.9

<3

910

139.0

<3

142.3
<3

147.0
<3

1846 4595 9190

2-9-67 at 13

M

153.6 164.0 172.7

<3

2-9-67 at 7.
148.1
<3
2-9-67 at 1 M
151.1
<3

<3 <3
IiM

165.5 169.8
<3 4.0

161. 2 169.8
<3 4.8

The immediate foreground at this site is a four-lane, dual concrete

highway with an access road at a distance of approximately 100 yd. Beyond

is a low wire fence, perpendicular to the path and parallel to the roads,

followed by grassland that extends 1 mi to the scattered trees at the horjzon.
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RCVRX. ELEV. R1-20-T6 XMTR. ELEV.

1589 M PATH LENGTH 20.00 km 1539 M
- IS57CM
——
— 14S0M
| I | | I [
o 4 8 12 16 20

KTILOMFTFRS

Lb (dB) SHORT TERM SIGNAL VARIABILITY

Freq (MHz) 230 410 | 751 910 1846 4595 9190
12-8-66 at 6.6 M 4-26-66at 7.3 M
50% 106.8 102.7 119.9 115.2 116. 6 127.9 145.7
A% 20% =3 <3 <3 <3 <3 <3 <3

The path extends over pasture land with scattered single trees.
In the immediate foreground, a barbed-wire fence runs at 20° to the

path and crosses it approximately 75 yd away,
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ROVR, MLV, By ooy NATR, FLEV,
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N
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- o T e ] Lo} P YA M“‘""M
| ! ] ! |
{0 +} H [ I &
WY ool 1 R
l.h(dl\) SHORT THRM SIGMAL VARIABLILITY
Freagq{MlHi) 210 410 751 910 1840 4154958 2190
12-8-06 at 7, 3 M S-3-07 At 7T, M
501% 127,20 1aw, 8 39,1 14204 IR L 18,9 1824, 0
ALO% <9 0% ~3 <3 <3 -3 -3 ~3 <3

The path runs over sagebrush for 50 yd to a Jow, barbed-wire

fence. Fifty feet beyond the fence, an B-wire te ‘phone line runs perpen-

dicular to the path., The rest of the terrain to the horizon, 4 mi away,

consists of rolling hills with scattered trees and farrmhouses.
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